term process means the structured sequence of activities, to reach an output also defined as product.
There are different types of benchmarking on the basis of comparison mode:
6-10 i) internal benchmarking: comparison between units of the same company; ii) external or competitive or strategic benchmarking: comparison between companies in competition with each other or between different companies; iii) functional benchmarking of process: comparison of similar processes, but in different sectors; iv) generic benchmarking: comparison with practices and processes different from those of investigation, in order to draw general procedure indications.
There are also different types of benchmarking based on the object of comparison mode:
6-10 i) operating benchmarking: comparison limited exclusively to processes, which leads to products delivery and/or provision of services; ii) management benchmarking: comparison of procedures used to support the production and delivery line; iii) strategic benchmarking: analysis of the determinants of competitive advantage by monitoring the strategic choices of the competitors.
The external or competitive benchmarking (that we used) analyzes a process, by starting a comparison between external parties.
The sequence of benchmarking phases can be traced back to the methodological cycle of Deming (Deming wheel), known as Plan, Do, Control, Act, which identifies four general stages, closely related to each other ( Figure 1 ).
Identification of targets
In order to use homogeneous data through benchmarking, we analyzed the cases of 10 patients with acute pancreatitis (AP) of our three Operative Units (OU) with clinical and economic analysis, simplified compared to the process analysis method. Therefore, we defined specific clinical and economic goals.
To do so, we decomposed the patient's path in the hospital in the individual phases (take-over in First Aid, hospitalization, discharge) and analyzed the elements of the process formation.
So, we defined the following objectives: i) comparison of clinical and economic impact (in terms of appropriateness, inputs, outputs, outcomes) of diagnostic and therapeutic pathways in the three OUs for patients with AP; ii) comparison of management route of patients with AP in the three OUs, with reference to diagnostic tests and specific use of therapy.
Results

Identification of cluster of reference
The competitors of benchmarking, subject of this thesis, are two Departments of Internal Medicine with similar characteristics and therefore comparable (Cattolica and Colleferro) and an Emergency Medicine (Catanzaro) ( Table 1) , with different characteristics; however, the diversity is a source of further comparison, since the admission of patients with AP happens in Italian hospitals in different settings. Furthermore, the three wards represent three different geographical areas of Italy (Center/North, Center, South).
Structurally, the OU of Cattolica is part of a small hospital, without Intensive Care and Surgery Unit, which are present, however, in a proximal Hospital; the other two OUs are included in a mean-size and a large-size Hospital, respectively, and they are both equipped with a Surgery and a Resuscitation (Colleferro and Catanzaro).
With regard to some of the structure indicators we selected: i) the three wards have a number of annual admissions which in Cattolica is comparable to Colleferro, and in Catanzaro it is smaller (lower number of beds) but with a bigger variety of types of admissions; ii) absolutely equal the average weight of the diseaserelated group; iii) there are some differences about the average length of stay and the employment rate. Particularly, the average hospital stay is shorter in the Emergency Medicine of Catanzaro and equal in the other two Departments (slightly above the national standard of 7 days).
The employment rate is higher in the Emergency Medicine of Catanzaro, but all three OUs have average rates higher than recommended by the National Health Plan, which is 70-75%.
The staffing is different in the three departments. In fact, the number of physicians is greater in Colleferro (8 doctors), lower in Catanzaro (4 doctors). In the Department of Cattolica there are more nurses and support workers; in Catanzaro the support staff is absent.
In Table 1 are shown the characteristics of the three wards.
[ In the three wards, medium age is 60/77 years (younger in Catanzaro, older in Colleferro), less than the average of admissions in medicine (78 years). 10 Comorbidity is well represented, in relation to the characteristics of every single ward (gastroenterology in Cattolica, cardiovascular in Colleferro, polyfactorial in Catanzaro) with high prevalence of multiple comorbidity (70% Cattolica, 60% Colleferro, 100% Catanzaro). Pancreatitis etiology is mainly lithiasic in Cattolica, alcoholic in Colleferro and of both types in Catanzaro. Necrotic-hemorrhagic type is 20% in Colleferro and 10% both in Cattolica and Catanzaro. Local complication (pseudocysts, splenic thrombosis, etc.) 10% (three cases). Extra-abdominal complications (pulmonary, septic): 20% Cattolica, 30% Colleferro, 10% Catanzaro. No deaths or re-hospitalization (within 60 days) related to AP occurred.
In Table 2 it is shown a comparison of patient's clinical data.
Comparison of the phases in emergency room
Relating to prognostic, diagnostic and therapeutic characteristics, we summarized (Table 3 ) first aid (FA) waiting times and acceptance phases.
Prognostic stratification
Prognostic stratification in AP patients is crucial for the correct clinical pathway: from the choice of the setting of hospitalization to diagnostics, until the therapeutic management. Table 3 resumes any prognostic evaluation tools used, respectively, in the three Departments. Finally, the quantitative value of some of these prognostic scores is compared, in order to further characterize the gravity of pancreatitis in the three Units.
Comparing the three Medicine Units
In Table 4 we resume diagnostic and therapeutic effort in the three wards; a summary of compared therapeutic approaches is shown.
Direct costs
In Table 5 we summarize direct costs of diagnosis and treatment in the three structures, with a comparison of hospitalization costs for AP.
Discussion
Clinical analysis of variances
Through the analysis of the information collected so far, this macrophase has set as its primary objective the identification and measurement of differences in the clinical management of the diagnostic and therapeutic pathways of AP in the three Units.
The populations examined were substantially enclosed in a range between 60 and 77 years (the youngest in Catanzaro, the oldest in Colleferro). The percentage of males and females is heterogeneous, with prevalence of male in Colleferro and female in Catanzaro.
Among etiological factors, the most represented were lithiasic etiology in Cattolica and alcoholic in Colleferro. In all OUs, patients had at least one comorbidity, often multiple, for expression of the complexity of the internal medicine patient.
Local and systemic complications in 20-40% of cases (more in Colleferro, where the percentage of necrotic-hemorrhagic pancreatitis was also increased As regards the therapeutic phase in FA, hydration should be implemented (10% in Colleferro, 40% in Cattolica, 60% in Catanzaro); analgesic consumption is not high (20 to 40%, more in Colleferro), probably for the persistent prejudice that the opioid analgesic affects the diagnosis, despite a recent Cochrane review. 11 Although not in a high percentage of cases, in FA are practiced antibiotic therapy (50% in Colleferro) and somatostatin (10% in Cattolica, 70% in Colleferro), which are advisable, according to the recent guidelines, only in local complications (fistula/pseudocyst). 12 Regarding the prognostic and diagnostic phase in OU, after taking care, the APACHE II score early (first 72 h) is practiced in Cattolica and Catanzaro, so as the SIRS evaluation, which is, alone, always practiced in Colleferro. However, no CT severity index was applied in any OU. In Cattolica and Catanzaro, contrastenhanced abdominal CT scan is performed prior to 72 h in 50% of cases, although guidelines recommend, if not in specific circumstances, to perform it later, not to aggravate a possible pancreatic necrosis. Colleferro in this respect, has proved to be more virtuous. About the nutritional support, in almost all cases in Cattolica and Catanzaro, for at least three days, the patient is rehydrated and then fed carbohydrate diet, while only in 60% of cases at Colleferro. The concept is implementable, since the light carbohydrate diet, according to the most recent guidelines, is recommended just disappears pain and improve inflammation indices.
1,2 Total nutritional support has been practiced in few cases, in 10-30% of them it has always been parenteral and never enteral.
Other two points are perfectible: the use of somatostatin in 70% of cases in Colleferro (after surgical consultation) and the use of antibiotics. The use of antibiotics other than those penetrating pancreatic necrosis can be justified by extrapancreatic complications, however, their use is excessive (100% of cases) in Colleferro, where, in any case, such complication occurs more frequently. Finally we report the widespread use of hydration, analgesics and ranitidine.
Through the analysis of the collected information, the latest macrophase sets the next goal to measure and compare the economic output of the three Units, through the analysis of economic processes, diagnostic and therapeutic procedures, so as to identify those, which determine the lower consumption of resources.
As regards the economic data, multiple differences are observed among the three OUs.
In all OUs, costs are lower than reported in literature (about 10,000 € per patient); [13] [14] [15] however, it is observed a large variability range (the overall average direct cost for patient with AP varies from € 1123.32 of Cattolica to € 1610.59 in Colleferro, and € 1825.82 in Catanzaro, where the average age is lower, but there are multiple comorbidities).
The costs distribution varies greatly. In Cattolica and Colleferro the brunt consists in the instrumental test (as justified by predominantly lithiasic etiology in Cattolica and mixed in Colleferro, with therapeutic endoscopic retrograde cholangiopancreatography). The average weight of examinations, in Cattolica, is in fact € 760.9 (€ 512.62 for diagnostic imaging, € 248.28 for laboratory diagnostics, € 239.73 for human resources and € 122.7 for therapy). In summary, the weight of diagnostics is equal to about 6 times the therapy. Even in Colleferro, resources are mainly absorbed by the diagnostic phase (€ 801.79 in total, of which € 524.1 for laboratory examinations and € 277.69 for blood tests), followed by therapy (€ 518), while the minor costs are absorbed by human resources (€ 290.8). In Catanzaro, however, most resources are absorbed by drug treatment (€ 1083.15), followed by the diagnostic phase (€ 766.95, of which € 467.15 for diagnostic imaging, € 299.37 for blood tests) and, finally, human resources (€ 102.28).
Minor direct costs are those of Cattolica Medicine Unit (€ 1123.32 vs € 1610.59 in Colleferro and € 1825.82 in Catanzaro). However, if we consider the average total costs of hospitalization (resulting from an abstraction, direct costs + basic, according to a previous study 16 on sepsis including these OUs) we find the better resources consumption in Catanzaro (probably due to lower indirect costs related to a shorter duration of hospital stay in Emergency Medicine).
Identifying solutions, corrective actions and implementation
Examined data confirm that a significant issue is given by the reduction of latency time diagnostics, without affecting, however, the diagnostic appropriateness. This aspect definitely needs corrective action, because, as literature data confirm, it influences clinical and economic outcomes.
In fact, there is increasing evidence that early and appropriate management can improve final results.
1,2
The goal can be achieved by a reduction of waiting times in the Emergency Room (ER) where, in our reality, prognostic stratifications are performed unfrequently, sometimes diagnoses are made without the Atlanta criteria and, sometimes, tests (such as abdominal CT) are performed with inappropriate timing.
The goal can be achieved in Colleferro (average stay in the ER: 8 h, vs 6.6 h in Catanzaro and 5.3 h in Cattolica).
Possible ways of implementation
Possible ways of implementation may be: -Creation of a dedicated team (as in some Sepsis
Centers) consisting of internist, radiologist, surgeon, anesthetist, nurse (difficult solution in a period of deficiency in human resources). -The doctors of Medicine Unit might ensure earlier patient's admission (a sort of fast track) for patients with AP. -Selection of a dedicated Internist, who could provide advice in case of access to the ER (in order to speed up the diagnostic and therapeutic procedure within a dedicated preferential path). -Greater professional exchange through: acts of implementation in involved OUs and in ER, e.g., audit, care pathway (PDTA), training. In this regard, the Cattolica OU, at the time of observation, was working on Riccione-Cattolica Hospital PDTA, then extended to Rimini Local Health Unit.
The partial sharing of human resources between ER and Emergency Medicine facilitates implementation acts in Catanzaro.
Such actions would also implement the diagnostic appropriateness.
In fact, in this regard, as for the timing of abdomen CT scans, Colleferro Medicine proved to be the most virtuous; however, although CT was mainly per- formed according to the timing of guidelines, in 40% of cases we observed inadequate radiological responses to clinical questions (insufficient description of pancreatic area), probably due to the telematic reporting, without prior direct contact between internist/ER doctor and radiologist. In Cattolica, instead, the problems are the CT scans performed in the ER and Surgery, where 20% of patients have been under observation before admission.
Both situations could find benefit from greater inter-professional comparison, promoted by meetings and PDTA.
Similarly, we might define a checklist, to facilitate the processes of identification, risk stratification, activation of interventions, PDTA, standardized procedures to request laboratory tests (AP panel).
Treatment appropriateness
Perfectible points are: -Use of somatostatin in 70% of cases in Colleferro, regardless of complications. -Use of antibiotic therapy: the use of antibiotics other than those penetrating pancreatic necrosis (carbapenems, quinolones, metronidazole) can be justified by extrapancreatic complications, but antibiotics are given in 100% of cases in the OUs where the worst complications are recorded. -The absolute/water-based diet is consistently applied in the three OUs in the first 3-4 days; currently, Guidelines suggest starting a light carb diet as soon as inflammation indices are improved and pain is resolved. Likewise, in all three OUs the artificial feeding is intravenous (i.v.), while guidelines suggest enteral feeding, unless this is poorly tolerated. 1, 2 We believe that all the three aspects can be implemented by PDTA, which also determine a greater professional exchange within the Hospital.
Ways of implementation
By PDTA we might implement: -An empirical antibiotic treatment protocol, related to scores, taking account of specific local conditions (contextualization and local share). -The early introduction of a light-carb diet, preferring enteral approach to i.v. approach. -The inter-professional spread of the information concerning somatostatin, with the relative level of evidence.
Appropriateness of the setting of admission
In our records, it has not turned out to be something relevant, given the absence of mortality and the transfer to surgery of only 20% of patients in Cattolica and 20% of patients in Catanzaro.
Despite the bias represented by our small sample, we believe this problem to be quite relevant in everyday reality.
Application of prognostic scores of seriousness
We believe that the management of patients with AP is affected by their latency in the ER, but also by the poor implementation in the ER of prognostic clinical assessment, necessary to address the patient to the right setting and therapy.
Also in this respect, it seems useful to create PDTA suitable to the local context.
One element is the identification of the clinical complexity for the obvious correlation between clinical complexity and mortality-complications (objective achievable by the three OUs): although the latter, in fact, are lower in all 3 OUs compared to literature, 17 in the OU where comorbidities are greater, greater are also the complications (Cattolica/Catanzaro).
We therefore need to apply gravity scores, to be implemented not only in the ward (both at the entrance and during hospitalization, and, for some scores, when the discharge is scheduled), but also in the ER, in order to address all patients with higher score to the Intensive Care Unit (ICU) or to surgery.
The diversification of health care depending on patients' features, in fact, must take into account the two basic variables that should be monitored in every model of health care: the clinical and health care complexity of patients, variables that do not always coincide.
Ways of implementation
In the reality of large ER area, the implementation of scores is part of the computerized medical record, for instance, the evaluation of scores SIRS and APACHE II is integrated in medical records and in the alert, a process, however, that still does not concern the ER.
The implementation of scores of seriousness (MEWS, SOFA, APACHE II, SIRS, CT severity index), not only in the Ward, but also in the ER, could be practiced with specific business PDTA and reminders entrusted to the staff or posted on the bulletin board.
The scores are certainly not to be seen as substitutes, but as complementary to clinical evaluation and as aid for the systematic automated evaluation of the major prognostic benchmarks.
In this regard, also in the intensive care project, the reorganization of the OU for complex patients could fulfil this objective, especially in small Spoke hospitals, lacking in ICU. However, we do not believe that this factor is implementable because: the calculation of minutes is subjective; the Catanzaro OU, while having a less numerous staff, has, however an organization of rounds and health-care by Emergency Medicine.
Moreover, the weight of human resources is directly related to the seriousness of the cases (it increases, for example, in case of septic shock or complications); in the end, the literature concerning the organizational implementing measures for the management of acute pancreatitis involves attention to patient monitoring and care that, in turn, would be responsible for a further increase in this cost category.
Reduction of costs employed by blood tests (objective achievable in all three OUs, especially in Colleferro and Cattolica): the variable is not easily manageable, as changing in relation to patient complexity and because a reduction in the number of tests might result in false negative diagnoses and, secondarily, in complications, with further increase in costs and length of hospitalization.
The same daily application of some scores increases such costs.
However, the optimization of blood tests is achievable also by the use of the alert in computerized medical records.
Reduction of costs employed by therapy (objective achievable by the UO in Catanzaro and, partially, in Colleferro): such variable is related to the divergence of regional price lists and to the type of complications and comorbidities, however, it can be implemented by critical and retrospective analysis.
Reduction of costs employed by instrumental tests (objective achievable by the OU of Colleferro and Cattolica): the same applies to laboratory diagnostics.
In this case, you must also consider the waiting period of the Cost Centers, which acquires special regional and business value.
We must specify that the measures of economic implementation are valid in view of a continuous improvement, however, even if in view of their high variability, basically all three OUs have lower costs for hospitalization of patients with acute pancreatitis, compared to literature. [13] [14] [15] Undoubtedly, the diversification of health care depending on the characteristics of patients seemed mandatory, considering the two basic variables to keep monitored in each nursing model: the clinical complexity and the nursing complexity of patients, variables that do not always coincide.
Ways of implementation for diagnostics
Ways of implementation for diagnostics are: -Clinical audits, which verify the appropriateness of tests: In the Emilia Romagna region area, periodic reports are sent about it, although focused on the number of samples, rather than on their appropriateness, while internal checks of the OU could lead to a more effective implementation. -Dedicated paths for patients with acute pancreatitis, which, as in the Toyota method, include the scheduling of daily test, without overlaps. Obviously, the complications and comorbidities sometimes make the actual scheduling poorly predictable. -Use of alerts to avoid redundant tests, implementation promoted in the OU of Cattolica by using a computerized clinical chart.
Ways of implementation for the therapy
Ways of implementation for the therapy are: -Internal audits focused on the appropriateness of the antibiotic therapy. -In-depth analysis of the external qualitative and quantitative Benchmarking. -Periodic reports provided by the pharmacy (often more focused on a quantitative than qualitative approach).
As further proof of that, a calculation of the costbenefit difference (Table 6 ) for hospitalization for acute pancreatitis compared to basic hospitalization and of break even point (BEP) has shown that the hospitalization for acute pancreatitis actually involves an average loss of about € 1203.49 (ranging between € 1056.06 of Cattolica, and € 1350.93 of Colleferro -see the following paragraph Note) and that the BEP now is not reached.
The reaching of the BEP would require an average stay of about 6.48 days, which is not in literature (14 days) 17 and that could be attainable only in emergency medicine, from where the patient can be transferred, as soon as he is stabilized.
Note
The total cost (direct for admission for acute pancreatitis + direct for basic admission + indirect) was calculated by taking data from the SNOOPY Study for basic hospitalization in the Medicine Unit of Cattolica and Colleferro. For the Emergency Medicine of Catanzaro we only used direct data concerning hospitalization for acute pancreatitis, and therefore the loss (cost-revenue) was not specified, because it would be rough. 
Conclusions
With this work, we set out to use benchmarking to improve quality standards in the management of patients with AP, optimizing the diagnostic-therapeutic path, from admission to hospital until discharge, through the comparison between different procedures.
Through the analysis of the collected information, we have identified and measured the differences in the clinical management of the diagnostic -therapeutic workup for AP in the three OUs.
In the three OUs, almost all patients had at least one comorbidity, often multiple, expression of the complexity of the internist patient.
Patients had an APACHE II not indicative of seriousness at admittance, almost identical in the three groups, and anyway <7, expression of complex patients, but not, apparently, at high risk of clinical deterioration.
In all three OUs, complications and mortality were below literature.
In particular, only 0-20% of patients were transferred to Surgery or to another OU and complications were equal to 20/40%. Both mortality and readmissions after 60 days were equal to 0%.
Significantly different was the waiting time in the ER in the three realities. We believe that this longer waiting time can contribute to worsen the final outcome, in terms of complications.
As for economic data, in all three OUs, costs were lower than those reported in literature, [13] [14] [15] with a prevalence of costs for therapeutic resources in Emergency Medicine and for diagnostic resources in the Medical Ward of Cattolica and Colleferro.
In our opinion, moreover, the application of scores of seriousness, although not being a substitute but an integration to clinical evaluation, is to be implemented not only in OU, but also in the ER, in order to address to ICU or to Surgery all the patients with higher score.
Another aid can be provided by the integration of scores in the computerized medical record, by regular audits and creation of dedicated staff to promote PDTA and a professional exchange.
